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In the design of retaining walls, sheet piles, or other earth retaining 
structures, it is necessary to compute the lateral pressure exerted by the 
retained mass of soil. A retaining structure is used for maintaining the 
ground surface at different elevations on either side of it. The soil retained is 
called backfill which may have horizontal or inclined top surface. 


13.1 Plastic equilibrium in soil and coefficients of earth pressure 

Analysis of stress conditions in a soil mass retained by a structure, or 
resisting the displacement of a structure against it, is based on the 
assumption that the soil is in plastic equilibrium, i.e. every point is in failure 
state. The Mohr-Coulomb equation represents such case as follows: 


ai -<?3 CI 1 +CT 3 


sin (j) = c. cos (j) 


or: cjj = ( 13 .tan^(45 + + 2ctan(45 + 

n 2, ac <k 1 — sin (b 

Put: Na =tan z (45 + A) = - —- 

Y 2 1 + sin (j) 


(13.1) 

(13.2) 


(13.3) 






















Vt A Earth Pressure 


■'■°1=CT3 •N ( | ) +2 c a /n^’ .(13.4) 



Equ. 13.4 can be presented by the Mohr circles, Fig. 13.1. In case of active 
earth pressure (4=^' (oj) is the vertical stress due to the effective 

weight of soil plus any surcharge. At plastic equilibrium, (G3), which 



Fig. 13.1 Mohr circles for active and passive earth pressures 
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represents the lateral earth pressure, will be governed by the shear 
strength parameters of the soil as shown. The state of plastic equilibrium 
can be represented by the development of two sets of failure planes at an 

angle (45 - <j)/2) to the (gi) axis, i.e. to the vertical, representing 
possible failure planes. 

In case of passive earth pressure (<^4*4' -4i-^), (gi) is the lateral 

earth pressure exerted against the soil. The effective weight of soil plus 
surcharge represent (G3). The state of plastic equilibrium can be 
represented by the development of two sets of failure planes at an angle 

(45 - (|) 12) to the (gi) axis, i.e. at an angle (45 + <j)/2) to the vertical, 
representing possible failure planes. 

In cohesionless soil, the ratio between the horizontal stress (ah) and the 

vertical stress (g v ) is called the coefficient of earth pressure. When 
this soil is in the active state, the coefficient of active earth pressure 

(k a ) is defined by: 
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(13.5) 


Therefore, the active earth pressure (p a ) can be generally expressed in the 
form: 


Pa = <*l.k a ~ 2c V^a 


(13.6) 


In case of the passive state, the coefficient of passive earth pressure (k p ) 
is defined by: 
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(13.7) 


Therefore, the passive earth pressure (p p ) can generally be expressed in 
the form : 
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(13.8) 


Fig. 13.2 shows the active and passive states behind a structure. During 
the active state, the structure moves away from the backfill and a wedge 
breaks away from the rest of soil. This wedge is called failure wedge. In 
the passive state the structure moves towards the fill. The magnitude of 
the earth pressure depends on the movement of the structure. 


Slip Slip 

plane plane 




Fig. 13.2 Active and passive states in backfill 


Fig. 13.3 shows that in dense sand very little displacement of nearly -0.5 
% is sufficient to reach full active state. Much large displacement is 
required to reach passive state. A displacement of +0.5 % will cause 
development of only half the full passive pressure, and about 2 % 
displacement is required to reach full passive resistance. In loose sand 
such displacement may reach 15 %. 


Pressure 



structure away structure towards 

Fig. 13.3 Relation between structure displacement 
and lateral earth pressure 
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13.2 Earth pressure at rest 


If no movement of wall occurs, for example in the case of unyielding 
rigid retaining wall, earth pressure at rest is to be considered. If the soil is 
assumed to be semi-infinite, homogeneous, elastic and isotropic, the ratio 
between the horizontal and vertical stresses, which is called coefficient of 

earth pressure at rest (k 0 ), is given by: 


k 


o 


v 


(13.9) 


where: v = Poisson's ratio 


The value of (k 0 ) for sands can be obtained from the following relation: 


k 0 = 1 - sin (j) .(13.10) 

For clays, the value of (k 0 ) can be obtained from the effective angle of 
friction (())) as follows : 

k 0 = 0.95 - sin (j)’ .(13.11) 

For normally consolidated clays: 

k 0 = 0.19 + 0.233 log(PI%) .( 13 - 12 > 


For over-consolidated clays values are obtained from Fig. 13.4: 


Range of k 0 values 
(PI = 0 to 80 %) 


i \ r i o n 

Overconsolidation ratio — 



Fig. 13.4 Coefficient of earth pressure at rest 
For overconsolidated clays 
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13.3 Rankine's theory of active earth pressure 



Rankine's theory was originally applied to uniform cohesionless soil. 
Later, it was extended to include cohesive soils, stratified and partially 
submerged soils. The following are the assumptions of Rankine's theory 

(a) The soil is semi-infinite, homogeneous, dry and cohesionless, 

(b) The ground surface is horizontal or sloping plane, 

(c) The back of the wall is vertical and smooth, 

(d) The wall displacement corresponds to deformation conditions 
causing plastic equilibrium in the soil. 

13.3.1 Dry or wet backfill without surcharge 

Consider an element at depth (z) below ground surface, Fig. 13.5. the 
horizontal pressure (P az ) will be the minimum principle stress (( 13 ), 
and the vertical pressure will be the maximum principle stress (ai). 


Then: 


Pa z = k a Y-z 


where : y = dry or bulk density of soil. 



H-H 


Fig. 13.° Active earth pressure for dry or wet backfill without surcharge 
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The earth pressure distribution is then linear. Its value at ground surface 
is zero and reaches maximum at the bottom and of the wall, i.e. at depth 
(H) : 

Pa H = k a -y- H 
where: H = height of wall 

The total active earth pressure (P a ), or the resultant lateral pressure per 
unit length of wall, acts at (H/3) above the base of wall and is given by: 

Pa .< 13 - 13 > 


13.3.2 Submerged backfill 

The lateral pressure consists of two components, Fig. 13.6 (a): 
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(a) lateral pressure due to the submerged weight of soil 

(b) lateral pressure due to water 

Thus, at depth (z) the lateral pressure is given by : 

Pz = Ysub - z - k a + Z -Yw 
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Earth pressure 




Case a: <ju = <j >2 


Case b: <ju ^ §2 


Fig. 13.3 Lateral pressure for submerged backfill 


If the backfill is partly submerged, the lateral pressure is given by: 
Pz = Yb - Hi -k a + Ysub -^2 - k a + ^2 • Yw 


It is to be noticed that this relation is only valid if (4>i) is not changed 

below the water level, however, if such value is changed to (((> 2 ), the 
lateral pressure is given by : 


Pz = Yb H 1 k ai + Ysub .H 2 - k a 2 +H 2 -Y 


w 


where: 


1 - sin <j> 1 


and 


k a2 = 


1 -sin (j) 2 


1 + sintj) 1 l+sin(]) 2 

Notice that the earth pressure distribution will have a sudden change at 
the G.W.L. The value just above the G.W.L. depends of k a p whereas the 



































Earth Pressure V"V 0 


value just below the G.W.L. depends of k a 2 , the vertical effective stress 
for both cases being equal. 


13.3.3 Backfill with uniform surcharge 
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The surface (q) will increase the vertical stress at any depth (z) to the 
value: 


o] = y . z + q 

The earth pressure will be as shown in Fig. 13.7 , its total at depth (z) will 
be given by : 

p = k a . q + k a . y . z .(13.14) 


Surcharge = q 



Fig. 13.V Lateral pressure for backfill with uniform surcharge 
(The earth pressure diagram can be represented by either [a] or [b]) 


13.3.4 Backfill with sloping surface 

Consider a soil element at depth (z), the top and bottom planes of the 
element are parallel to the surface of the backfill, sloping at an angle ((5) 
to the horizontal, and its two sides are vertical. The conjugate stresses (a) 
and (p) corresponding to these planes can be represented on the Mohr 
diagram as shown in Fig. 13.8. It can be proved that the earth pressure 

distribution on the wall as shown with (p a ) value at depth (z) is given by: 


Pa =k ai -Y-Z 
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where : 



(13.15) 



Pa 


Fig. 13.8 Earth pressure for backfill with sloping surface 

If the backfill is submerged, the lateral pressure due to the submerged 
weight of soil will act at angle ((3) with the horizontal. The lateral 
pressure due to water will act normal to the wall surface. 

13.3.5 Earth pressure on inclined wall 






Fig. 13.9 shows two case two cases of a retaining wall with inclined back 
supporting backfill. In the first case (a) the backfill has horizontal 
surface. The active pressure on a vertical plane (BC) is frist calculated. 
The total pressure is the resulatant of the horizontal pressure and the 
weight of the wedge (ABC). 



B 


B 


[P is the resultant force for P a and W and passes 
through their point of intersection] 


Fig. 13.9 Earth pressure for backfill supported by inclined wall 
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If backfill has sloping surface, case (b). the same procedure is followed. 
The resultant pressure consists of the two compontents : the thrust which 
is being inclined at an angle ((3), and the weight of wedge (ABC). 


13.3.6 Active earth pressure for cohesive soil 
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It is shown in Equ. 13.6 that the earth pressure of cohesive soils increases 
with depth. The cohesion contributes constant reduction of a value of (2 c 

V k a ). At ground surface, i.e. at z = 0, the lateral earth pressure is equal 

to (-2 c V k a ). This pressure reaches zero at a depth (z 0 ) where : 


2 . c 

Y-V^a 


(13.16) 


It follows that from ground surface to depth (z 0 ) the soil can stand 
vertical unsupported, i.e. along that depth no lateral pressure is exerted by 
the soil on the retaining wall. The total pressure is obviously zero at a 

depth (2 z 0 ). The distribution is shown in Fig. 13.10. 



Net pressure = y h ka - ]j 2c k a 


Fig. 13.10 Development of tension cracks in cohesive soil 
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The depth (2 z 0 ) is called the critical height (h c ). This is the depth at 
which a cohesive soil should be able to stand with a vertical face 
unsupported. As crackes do occur, and soil does not necessarily remain 

adhered to the top portion of the wall up to height (z 0 ), it is usual to 
neglect the negative pressure and consider whole of the positive pressure 
below (z 0 ). 


In case surcharge (q) acts on ground surface the lateral pressure (p a ) at 
any depth (z) is given by : 


Pa =(y.z + q).k a 

The depth of tension crack (zo) is given by : 

2 . c q 

Z ° = - R=~~ 

Y • V k a y 


(13.17) 


13.4 Passive earth pressure (Rankine 's theory) 

Applying Equ. 13.8, the passive earth pressure (p p ) at depth (z) in 
cohesionless soil is given by : 

Pp = k p • Y • z 

The total pressure on a wall with height (H) is given by : 

Pp ' kp . ; . II 2 .(13.18) 

If a uniform surcharge of intensity (q) per unit area acts over the surface 
of backfill, the increase in the oassive pressure will be equal to (k p . q). 
The total passive pressure at any depth (z) will be: 

Pp = k p -(r-z + q) 

If the top of the backfill is sloping at an angle ((3) to the horizontal, the 
passive pressure will be given by : 











Earth Pressure V'H 


In cohesive soil the distribution of passive earth pressure is as shown in 
Fig. 13.11. it is noticed that at ground surface the passive pressure is 

given by (2 c V k p ). 

2 c {kp 

Pushing r H 



Fig. 13.11 Distribution of passive earth pressure in cohesive soil 


13.5 Coulomb 's wedge theory 



This theory takes into consideration the stability of the whole soil wedge 
between the failure plane and retaining wall. Friction and adhesion 

parameters (5 , c w ) between the wall and soil are taken into consideration. 
These parameters can be determined using the shear box, and normally 
defined as fractions of the shear strength parameters of the soil. 

Due to consideration of the friction between soil and retaining wall, the 
rupture surface in both active and passive states is actually curved at its 
bottom. The theory, however, assumes that this surface is planer. The 
error involved in such approximation is small in the active state for all (8) 
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values, and in the passive state for (8 < <j)/3), otherwise the error is 
relatively large. 

Fig 13.12 shows the method for determination of active and passive 
states for both cohesioless and cohesive soils. Several planes of rupture 
are chosen. For each plane the forces acting on the soil wedge are in 
equilibrium. The total forces acting on the wall due to earth pressure is 
determined from force polygons. By constructing the pressure envelope, 
the earth pressuer forces on the wall is determined. Notice that if the soil 
is conhesionless, each force poygon is reduced to a triangle of forces. 


P a (max.) 






p N 


► 


Wi 



Fig. 13.12 Coulomb's solution for active and passive earth pressures 
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Furthermore, the point of application of the maximum force due to earth 
pressure is determined following the constructions presented in Fig. 
13.13. In case no external forces acts on soil surface, a line is draw 
parallel to the rupture plane meeting the wall face at the required point of 
application. 


D f 


0 




Q 

D f | 



Fig. 13.13 Procedure for locating point of application of maximum 
force due to earth pressure on retaining wall 


13.6 Rebhann's graphical method 

Analysis solution using Coulomb's analysis for cohesionless backfill with 
planar surface proved that the maximum active pressure on the wall is 
obtained when triangles (ABC) and (BCE), Fig 13.14, have equal areas. 
This can be satisfied graphically following the Rebhann 's graphical 
method. 



Fig. 13.14 Condition for maximum active earth pressure 
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The slip plane and the total active pressure according to Coulomb's 
wedge theory are obtained by the procedure shown in Fig. 13.15. this 
procedure is as follows : 



Fig. 13.1° Determination of maximum active pressure 
by Rebhann's method 

(a) Draw the ground line and O-line to meet in point (D). 

(b) Draw a semi-circle on (BD) as a diameter. 

(c) through (B) draw a line (BH) at angle (ip) with (BD), called the ip-line 
through (A) draw line (AG) parallel to the tp-line. 

(d) Draw (GJ) perpendicular to BD) to meet the semicircle in (J). 

(e) With (B) as center and (BJ) as radius, draw an are to cut (BD) in (E). 

(f) Through (E) draw (Ec) parallel to the tp-line. Line (BC) then presents 
the slip plane. With (E) as centre and (EC) as radius draw an sre to cut 
(BD) in (K). join (CK). Calculate the force due to active earth pressure on 
the wall from the following relation : 

p a = y . (Area of A KCE) 


13.7 Culmann 's graphical method 

' g ^t WE J _ 4^_uLa!iall j-jC. 

^_dr. JLaa.1 (jE^a jjjLj 4_jAj.il 
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This method is based on Coulomb 's theory and used for cohesionless 
soils. It can be applied for irregular ground surface, for various types of 
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surcharge and for layered soil having different densities. The procedure. 
Fig. 13.13, is as follows : 



(a) Draw the ground line , O-line and ip-line. 

(b) Consider a slip plane (BC1). Calculate the weight of wedge (ABC1). 

(c) Through (El) draw (El FI) parallel to the ip-line to cut the slip plane 
(BC1) in FI. (BE1 = W1 to scale) 

(d) Repeat steps (b) and (c) to obtain several points (F2), (F3), (F4), . 

(e) The line joining these points is called the Culmann's line . 

(f) Draw a tangent to the Culmann's line (EF), and (BFC) represents the 
slip earth pressure is represented by the line (EF), and (BFC) represents 
the slip plane. 

(g) To locate the point of application of the resultant pressure, refer to 
Fig. 13.13. 


13.8 Design of gravity retaining wall 
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A gravity retaining wall is that which resists which the lateral earth 
pressure by its own weight. In the design of retaining wall the following 
conditions should be satisfied : 

(a) Maximum stress on soil under of retaining wall the following 
conditions should be satisfied : 

(b) No tension stress will develop anywhere in the wall. 

(c) The wall be safe against sliding. 

(d) The wall be safe against overturning. 


13.8.1 Check of stresses 
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Fig. 13.17 Cases to be considered for design of gravity retaining wall 


For the gravity wall shown in Fig. 13.18, let (P a ) the active earth pressure 

forces acting on plane (CD). Let (Wi) be the weight of soil above the 
wall, and let (W) be the weight of wall. To find the stress distribution on 
soil, the following procedure is commonly adopted: 

(a) Find (N): N = W + Wl + P av 

(d) Find moment (M c ) of all forces about point (C) 

(c) Calculate (x) 

ZM C 


X = 


N 
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Fig. 13.18 Stresses on soil due to gravity retaining wall 


The eccentricity (e) from the centre of base is given by : 


B 

e =-x 

2 

The stresses the ends of the base are given by 


fl = 


N 


B 


1 + 


6 e 
B 


f2 = 


-N 


B 


1 - 


6 e 
B 


The value of (fi) should not exceed the total allowable soil 

stress. In case wind or seismic loads are taken into consideration, the 
allowable soil stress is increased by 15 % to 25 %. 

To avoid tilting (J^>) of the wall, particularly in compressible soils, the 
following condition should be satisfied : 
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In case of rock, or practically incompressible soil, (f2) may reach zero. 
Furthermore, if the resultant of forces cuts the base outside the middle 
third, tension on base occurs. However, this tension has no physical 
meaning, and in reality (<*-3'jl' there will be no contact between the 
wall base and soil. Therefore, re-disstribution of the stresses will occur so 
that (12) will be equal to zero and the maximum compression will 
modified as follows : 


Again, this stress distribution is only accepted for practically 
incompressible soil. 


13.8.2 Check of sliding 

o-lc-li (jJJ (JjjL-ojII .j ^ 4_«jlLa <jl (. _ l-yJ 
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The horizontal driving forces tending to cause sliding to the wall base is 
given by : 

T = p ah 

The resisting forces is : 


S = c w . B + (W + Wj ). tan 5 
F.S. (sliding) = ^ 

where : 


c w = Adhesion between soil and wall base (c w ~ 2/3 c so ii) 

8 = Angle of friction between soil and wall base (tan 8 ~ 2/3 tan (ji) 

F.S. = Factor of safety 

The factor of safety should not be (usually) less than 1.5 .If this condition 
cannot be satisfied, either the wall base width will be increased, or a key, 
Fig. 13.19, will be used. 






Earth Pressure VTV 



Fig. 13.19 Use of key to increase the factor of safety against sliding 

The passive resistance generated along the key is calculated as follows : 

N , „ , 

Ppi - b . kp + 2 c k p 

Pp2 = Ppi + 7■^p • ^key 

Take = 0.5 I Pp (assume half pressure develop for short displacement) 
Therefore, the safety will be accordingly (U*iiLj) increased. 

13.8.3 Check of overturning 

(jjdl ^jjdl ^5-lc acLjiJ (jjll 1 L-lLa>j j 

(_Ula_a i _ s A l„ag.i u Ajmitij (.. \\ qtVI 

If the weight of wall is too small, overturning about the toe (point B, Fig. 
13.18) may occur. The overturning moment is given by: 


M 0 -Pah z 


The stability moment is the moment of all permanent (<=^) loads about 
point (B), Fig. 13.17. The factor of safety against overturning is obtained 
by dividing the stability moment by the overturning moment. Its value 
should not be (usually) less than 1.5. If this condition cannot be satisfied, 
the wall base width is to be increased. 
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13.9 Examples 

(1) For the shown wall with smooth vertical back and sand backfill, 
determine the magnitude and point of application of the active earth 
pressure per meter length of the wall. 


Solution: 


A 

3.6 t/m" 


|||||ll||||||||||||||ll||||||||||||||ll|||||||||||| 

n 



Sand: 


y = 1.8 t/m J 


O 

O 

m 

II 

-©- 


B 


, 1 — sin <() 1-sin 30 

ko =-- =-= 0.333 

1 + sin (j> 1 + sin 30 

At any point at depth z, apply Equ. (13.14): 

Pa = q- k a + Y- z - k a 

Pa(A) - 3.6 x 0.333 = 1.2 t/m 2 

Pa(B) - 1 -2 +1.8 x 4x 0.333 = 1.2 + 2.4 = 3.6 t/m 2 
P 1 = 1.2x4 = 4.8 t/m’ 

P 2 =_ x 2.4x4 = 4.8 t/m' 

2 

Ptotal = 4-8 + 4-8 = 9.6 t/m' 

Acting at: 

4 4 

(4.8 x +4.8x —) 

2 3 


9.6 


= 1.67 m 
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(2) Draw the active earth pressure and water pressure distributions on the 
shown vertical wall with smooth back. Calculate the lateral forces acting 
on the wall. 


A 



Jji 'SSSSSSSSSSSSSSSSSSSSSSSSSSS^SSSSSSSSSSSSSSSSS^SSSSSSS^S^S^S^S^AfSSSSSSSSSS^S^S^S^S^AfSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSffSSSSSSy 


Solution: 

kal = ———— = 0.333 


1.133 t/m' 


ka2 - 


1 + sin 30 
1-sin 35 
1 + sin 35 


= 0.271 



PaA 0 

\ PaB (at end of layer 1) = 1.7 x 2 x 0.333 = 1.333 t/m' 
\ PaB (at top of layer 2) = 1.7 x 2 x 0.271 = 0.921 t/nf 
j p aC = 0.921 + (2.1-1) X 4x0.271 =2.113 t/m 2 
\ P w = 4t/m“ 


Pi = 0.5 x 1.133 x2 = 1.133 t/m' 
P 2 = 0.921 x4 = 3.69 t/m' 

P 3 = 0.5 x 1.192 x4 = 2.39 t/m' 


P w = 0.5 x 4 x 4 = 8 t/m' 


$/////ssss//sss//////ss//sssss//////sss//////s//////sss//sssss//////sss//sssss//////sss//ssssss/////sss//ssssss/////sss//ssssss/////sss/////A 
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(3) A vertical cut in a clay collapsed when the depth of excavation 
reached 4.5 m. Calculate the clay cohesion. If a vertical cutting in this 
clay, 8 m deep, is supported by a retaining wall, calculate the earth 
pressure force acting on the wall. 


A 



C 


Solution: 


- 4.5 t/m 


i 4c . 
h c - r= - 4.5 

Y V k a 

For (j> = 0, k a =1 

4.5x2 „ „ . 2 

.'. c --- 2.25 t/m z 



a 


Pa = (Y z + 4)' k a - 2 c 

p a A = - 2 c - - 2 x 2.25 VT = - 4.5 t/m^ 

PaC - y z ' k a -2^7^ 

= 2x8x1-2x2.25 VI = 11.5 t/m 2 
To find distance AB : 

4.5 


AB = 


x 8 = 2.25 m 


11.5 + 4.5 
/. BC = 8 - 2.25 = 5.75 m 
P = 0.5x5.75x11.5 = 33.06 t/m' 
5.75 


y = 


= 1.92 m 


3 
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(4) For the shown wall with smooth vertical face, calculate the total 
passive earth pressure on the side AB. 


Solution: 



, ^4Vt/m 2 , 

k-—-H 


p p = (y h + q) k p + 2 c 
1 + sin 33 


k p = 

PpA 


= 3.39 

1 - sin 33 

= 2x3.39 + 2x2x7339 =14.14 t/m 2 


PpB = (2+ 1.8x3)x 3.39+ 2x2x7339 =32.47 t/m 2 
P 1 =14.14x3 = 42.42 t/m' 

P 2 =0.5x18.33x3 = 27.47 t/m' 

.-. P total = 42.42 + 27.47 = 69.89 t/m' 

Acting at: 
y = 1.67 m 
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(5) Draw the lateral earth pressure distribution on the shown driven pile 
lsj». 


Pile 



PI = 36° 


Solution: 

For sand: 

k 0 = 1 - sin (j) = 1 - sin 28 = 0.53 

PoA = 0 

PoB (lower end of sand layer) 

= 2 x 1.7x0.53 = 1.804 t/m 2 

For clay: 



k 0 = 0.19 + 0.233 log PI 

= 0.19 + 0.233 log 36 = 0.55 
PoB (top of clay layer) = 2 x 1.7 x 0.55 = 1.87 t/nf 


p 0 C = 1-87 + 0.9 x 4 x 0.55 = 3.85 t/m“ 
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(6) Calculate the total active earth pressure on the shown inclined wall 
with sloping backfill. Use Rankine's method. 


Solution: 


Apply Eq. 13.1: 
k a i = cos (3. 



2 2 

cos (3 + ^cos""(3 - cos <j) 

, cos12-a/cos 2 12-cos 2 34 

k a \ =cosl2.- , = 0.3 


cos 12 + a/cos 2 12 - cos 2 34 


AD = 1 m 


CD = lx tan 12 = 0.213 m 
CB = 4 + 0.213 = 4.213 m 
p al =1.8x4.213x0.3 = 2.27 t/m' 

W = 1.8x0.5x4.213x1 = 3.794 t/m' 
From graph : 

P t = 6.07 t/m' 



P a = 4.68 t/m' 
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(7) Use coulomb's solution to calculate the active earth pressure on the 
shown wall. Take 5 = 2/3 (j), c w = c/2. Consider development of tension 
cracks. 



Solution: 


, 1 - sin (b 1 - sin 28 „ „ ^ 

k a =-- =-= 0.36 


1 = sin 4> 1 = sin 28 

2 c 2x1 


z o = 


= 1.75 m 


yTU 1.9V036 

From figure: 

bd = 3.6 m C w = (0.5 x 1) x 3.6 = 1.8 t/m' 


w a-al-bl-b = 1-75 x 2.2 x 1.9 = 7.32 t/m' 
Wb-d-bl = 0-5 x 2.2 x 3.6 x 1.9 = 7.52 t/m 

Sum = 14.84 t/m' 


w al-a2-b2-bl = 2 x 1.75 x 1.9 = 6.65 t/m 
Wd_bl-b2 = 0.5 x 2 x 4.45 x 1.9 = 8.64 t/m 

Sum = 15.11 t/m' 


For each trial :C = Lxc = Lxl, 8 = — x 28 

3 


18.7° 
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From figures: 


Trial 

No. 

W 

t/m 

AW 

t/m 

W(total) 

t/m 

L 

M 

C 

t/m 

Pa 

t/m 

1 

14.84 

_ 

14.84 

4.5 

4.5 

6.4 

2 


15.11 

29.95 

5.3 

5.3 

10.8 

3 


15.11 

45.06 

6.7 

6.7 

6.0 

4 


15.11 

60.17 

8.3 

8.3 

0 


From curve (a): P a ( max .) = 11 t/m' 
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(8) Use Rebhann's graphical method to calculate the active earth pressure 
for the shown wall. 



Solution: 

ip = 90 - 5 - 9 
= 90 - 2/3 x 36 - 20 



P a = y x A KEC 

= 1.85 x 0.5 x 6.6 x 4.75 = 29 t/m' 
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(9) For the shown wall and backfill, use Culmann's method to determine 
the value and point of application of active earth pressure on the wall. 
Find the effect of a line load 4 t/m', located 4 m far from point A, on the 
active earth pressure value. Find the distance (x) so that the line load will 
not affect the active earth pressure on the wall. 


X 

◄-H 



Solution: 

\\j = 90 - 8 - 0 
= 90 - 22 - 15 = 53° 

Divide backfill into wedges of equal areas as shown. 

AC = 21 cos 10 = 2.03 m 
AB = 7 / cos 15 = 7.25 m 

Length of perpendicular from B to AC = 7.25 sin 85 = 7.22 m 

Area A ABC = 0.5 x 2.03 x 7.22 = 7.33 m 2 
AW = 7.33 x 1.8= 13.2 t/m' 

• The graphical solution is as shown. Forces are taken on the 4>-line to 

scale 1 cm = 10 t/m' 

• The value of P a ( max ) is found graphically to be 20.04 t/m'. 

• The location of the failure plane is determined. The C.G. of the failure 
wedge is determined. 

• The point of application is obtained as shown. 












VTA Earth Pressure 



To determine the effect of line load, its value is added to the weight of soil wedges 
as shown. The corresponding new Culmann's line is drawn. In this case the value of 
P a (max.) is found graphically to be 21.91 t/m'. 


4 t/m' 



vp-line 
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To find the distance (x) beyond which the line load has no effect on the earth 
pressure: 

(a) Both original and new Culmann's lines are drawn. 

(b) Plot the tangent to the original line parallel to the f-line. It intersects the new 
Culmann's line at point J. 

(c) Join line BJ and extend it to intersect the ground surface at point K. The 
horizontal projection of distance AK is found graphically to be 9 m. K is the 
point beyond which the line load has no effect on the earth pressure 



Curve for soil pressure 
with moving load 4 t/m' 


Curve for soil pressure alone 


v|/-linc 
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(10) Check the stability of the shown wall. All data are as shown. 


Solution: 



2 t/m' 



^allowable) t/m 


Case (i): Surcharge is acting 
outside wall base. 

Calculate weights: 

Wi = 11 t/m' 

W 2 = 11 t/m' 

W 3 = 8.8 t/m' 

W 4 = 9 t/m' 

W 5 = 4.5 t/m' 

N = 44.3 t/m' 

Calculate earth pressure: 

Pi = 4 t/m' 

P 2 = 10.8 t/m' 



• Check sliding: 

Sliding force = 4 + 10.8 = 14.8 t/m' 

Force resisting sliding = (2/3) x 7.5 x 4 = 20 t/m' 

F'S' sliding = 20 / 14.8 = 1.35 (< 1.5 unsafe) 

Use key with height 0.5 m: 
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P pl = (44.3 + 4) X 1 + 2 X 5 41 = 21. 075 t/m 2 

p p2 = 21.075 + 1.85 x.5 x 1 =21.075 + 0.925 = 22 t/m 2 

H P p = 0.5 [{(21.075 +22) + 2} x.5] = 5.38 t/m' 

S = 20 + 5.38 = 25.38 t/m' 

PS' sliding ~25.38 / 14.8 = 1.72 (O.K.) 

• Check overturning: 

M 0 = 4x3 + 10.8 x 2 = 33.6 t.m/m' 

M (stability) = Moment of weights W1 to W5 about point A = 94.8 t.m/m' 
FS- overturning = 94.8/ 33.6 = 2.82 (O.K.) 


• Check tension at base: 


Mg = Moment of weights W1 to W5, PI and P2 about point B 
= 115.99 t.m/m' 
eg= 2.618 m 

e = (2.618-4/2) = 0.618 m 


f l,2 = 


44.3 


4 


1 + 


6x0.618 

4 


= -21.4,-0.9 t/m 


No tension will occur on base. However, the ratio between fi and f 2 is > 2. It 
may be more suitable to increase the width of wall base to reduce this ratio, 
depending on the settlement of the wall. 
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• Check maximum compression at base: 

W6 = 8 t/m' 

N = 44.3 + 8 = 52.3 t/m' 

MB = Moment of weights W1 to W6, PI and P2 about point B 
= 131.99 t.m/m' 
eB = 2.523 m 

e = (2.523 - 4 / 2) = 0.523 m 



- 52.3 (. 6x0.523 

1 +- 


-23.3,-2.8 t/m z (< 30 .'. O.K.) 


Therefore, the wall is safe with a key at the base. However, if the 
differential settlement between points A and B is unacceptable (J ^ jA), 


the width of the wall base should be increase so that the ratio fj to f\ will 
be within permissible limits (4 h c )• 
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13.10 Problems 

(1) For the shown walls and soil formations, determine the distributions 
of lateral earth pressure. Find the magnitude and point of application of 
the resultant earth pressure force per unit length of the wall. Assume that 
the wall faces are smooth, and apply Rankine's method. 




(b) 


7 

Clay: 

tm 

y = 2 t/m 


c = 5 t/m“ 

t 

Sand: 

3.6 

1 

y = 1.85 t/m 

1 

<\> = 35° 


(c) 



(2) Draw the at rest earth 
pressure distribution on the 
shown pile (lijjbi.). 


1.5 m ik 


21 

a 


3 


J [_ 

A 

3 

_2i 

A 

3 


Overconsolidated clay: 

<V°o = 4 
y *2.1 t/m 


Nonnally consolidated clay 
y =2.1 t/m J 
PI = 42 % 

Sand: 

y = 1.85 t/m 3 













































Xo £ Earth Pressure 


(3) Draw the passive earth 
pressure distribution on the 
shown structure. 



(4) The shown is a retaining 
wall with smooth back. Find 
the magnitude and point of 
application of the active earth 
pressure on the wall. 
Assuming that the wall is 
rough with 5 = 3/4 (j), use 
Rebhann's graphical method 
to determine the magnitude of 
the active earth pressure on 
the wall. 


(5) Use Coulomb's graphical 
method to find the magnitude 
of the total earth pressure on 
the shown retaining wall. 


(6) Use Culmann's graphical 
method to find the magnitude 
of the total earth pressure on 
the shown retaining wall. Find 
the distance (x) beyond which 
the shown concentrated load 
will not affect the earth 
pressure on the wall. 
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(7) Check the stability of the 
shown retaining wall. The 

allowable compressive stress 
2 

on soil is 4 kg/cm“. 


1.5 t/m" 



n n n 












